The aim of this paper is the development of the method for determination of five phthalates in white spirits. Dimethyl phthalate (DMP), di-n-butyl phthalate (DBP), benzyl butyl phthalate (BBP), di-(2-ethylhexyl) phthalate (DEHP) and di-n-octyl phthalate (DOP) were extracted from white spirits by the optimized liquid-liquid extraction (LLE) method. In order to determine the best method for phthalate determination, LLE procedure was optimized by changing the following parameters: the number of extraction repetitions (1-4), the partial removal of ethanol by evaporation from alcoholic samples prior extraction, the type of agitation and the extraction time. Quantification was achieved by gas chromatography-mass spectrometry (GC-MS) with di-n-butyl adipate (DBA) as internal standard. Phthalates were analyzed using a single ion monitoring (SIM) mode and a base ion for each phthalate was chosen (m/z 149 for DBP, BBP, DEHP and DOP and m/z 163 for DMP). The results show that the most effective phthalate extraction with n-hexane as a solvent is achieved with agitation by hand shaking with one-step extraction. Evaporation of ethanol from alcohol drinks provided the increased recovery value for DMP extraction but did not have an impact on the recovery values of DBP, BBP, DEHP and DOP extractions from the samples..
Introduction
Phthalates are phthalic acid esters with two esters group in ortho position. The difference between phthalates comes from different alcohols that form the phthalic acid esters in the esterification reaction. These chemical organic compounds have high density, low solubility in water, but high solubility in organic solvents. The physicochemical properties of common phthalates present in alcoholic beverages are given in Table 1 [1] .
Table 1. Physicochemical properties of common phthalates present in alcoholic beverages
Kow -octanol-water partition coefficient
Phthalates are commonly used as plasticizers, which gives them widespread usage: in the industry of care products, children's toys, beverage industry, in the production of various packaging. The most commonly used phthalates are dimethyl phthalate (DMP), di-n-butyl phthalate (DBP), benzyl butyl phthalate (BBP), di-(2-ethylhexyl) phthalate (DEHP) and di-n-octyl phthalate (DOP).
Alcoholic beverages are divided in three groups: spirits, beers and wines. Spirits are distilled beverages containing ethanol, and these include the following drinks: vodka, brandy, gin, tequila, rum, whisky, etc. During the production process of alcoholic beverages, alcohol can contact poten-8(1) (2019) 59-64 tial phthalate sources such as polyvinyl chloride (PVC) materials in different production phases and plastic packaging of alcoholic drinks. Plastic bottles for alcoholic drinks are an important phthalate contamination source since ethanol provides solubility of phthalates and thus a leaching effect of phthalates from packaging material into the alcohol beverage should not be neglected. Since phthalates are not bound by a covalent bond for plastics, they are only incorporated in plastics and they easily migrate from plastic material to the environment. In this way, phthalates pollute alcoholic beverages when these compounds are being leached into. The interest in monitoring phthalate concentrations in alcoholic beverages is high because alcoholic beverages are the product consumed by the adult population, and therefore there is a health risk if they consume an unrecorded alcohol that contains a high dose of phthalates. Researches have shown that phthalates are harmful to human health [2] [3] [4] [5] , and a maximum allowable dose level (MADL) for the DBP and DEHP in alcoholic drinks is 0.7 mg kg -1 (0.7 µg mL -1 ) by direction of the European Union [6] . Special attention is given to DEHP since it comprises a quarter of all produced plasticizers and shows a great environmental impact. Its high hydrophobicity (log Kow=7.73) makes it highly persistent and bioaccumulating.
The determination of the phthalates concentration in white spirits consists of phthalates extraction with n-hexane, chromatographic separation on a capillary column, the identification of the retention time and mass spectrum, and the quantification with characteristic ions m/z. The crucial point in the phthalate determination in white spirit is to develop a method for the extraction of phthalates. The aim of this research is to optimize the sample preparation procedure with the ethanol removal, the type of agitation during extraction and the extraction time. n-Hexane was chosen as good extractant, as noted in previous research [7] . In order to obtain a better recovery of phthalates, two types of agitation (ultrasound and vigorous handshake) are tested to see the optimal method. It was also examined how the extraction time, the number of extraction repetitions (1) (2) (3) (4) and the ethanol removal affect the obtaining of the best recovery.
Experimental

Chemicals and reagents
The n-hexane (HPLC grade) was purchased from Carlo Erba (France). Dimethyl phthalate (DMP), di-n-butyl phthalate (DBP), benzyl butyl phthalate (BBP), di-(2-ethylhexyl) phthalate (DEHP) and di-n-octyl phthalate (DOP) were all of GC grade and were purchased from Sigma-Aldrich (USA). The di-n-butyl adipate (DBA) was also GC grade and was purchased from Sigma-Aldrich (USA).
A stock standard solution of the five investigated phthalates was prepared at the concentration of 1000 µg mL -1 of each phthalate in n-hexane. From this solution, a standard solution was prepared at the concentration of 100 µg mL -1 of each phthalate in n-hexane. Calibration solutions of phthalates at concentrations of 0.25, 0.5, 1.0, 1.5, 2.5, 5.0, 7.5 and 10.0 µg mL -1 were prepared by diluting the standard solution in n-hexane. The DBA was used as the internal standard. The concentration of the internal standard in each calibration dilution was 1 µg mL -1 .
GC-MS technique
Gas chromatographic analysis was performed on a gas chromatograph 6890 (Hewlett-Packard) equipped with a mass selective detector (MSD) 5973 (Agilent) and a DB-5 MS capillary column (30 m×250 mm×0.25 mm). The mass spectra were recorded under an electron impact ionization voltage of 70 eV. The gas chromatograph was operated in the split less injection mode. The oven temperature was programmed from 60 °C (1 min) to 220 °C (1 min) at the rate of 20 °C min -1 and then to 280 °C (4 min) at the rate of 5 °C min -1 . The MSD was used in the single ion-monitoring mode (SIM). The identification and quantification of target compounds was based on the relative retention time, the presence of target ions and their relative abundance. For quantification, peak area ratios of the analytes to the internal standard DBA were calculated as a function of the concentration of substances.
Glassware and Reagent Control In order to minimize phthalate contamination from the laboratory, only glassware was used, rinsed with acetone and n-hexane and dried at 200 °C in the oven for 4 hours [9] . n-Hexane was checked for potential phthalate contamination by GC-MS analysis once a week.
Sample preparation
The samples used for this investigation were apple brandy and vodka. Those two samples contain 46% and 40% (v/v) ethanol, respectively. The samples (10 mL) were spiked with 25 µg of each investigated phthalate. After that, the ultrasonic bath was used in order to completely dissolve the phthalates in the samples of alcoholic drinks. Since phthalates are highly dissoluble in ethanol, the extraction of phthalates using n-hexane could be less effective. In order to test the effect of ethanol on the phthalate recovery, the evaporation of alcohol samples was carried out to decrease the ethanol content. In this way, non-evaporated and evaporated samples were investigated. The sample volume of 10 mL was transferred into a glass tube and then heated in a boiling water bath to decrease the ethanol content. The tube was removed from the water bath with a residual volume of about 5 mL of alcoholic drinks. The contamination of the samples was monitored by blank samples which were treated the same way as other samples.
Extraction procedures
The liquid-liquid extraction procedure was performed after cooling heated samples. n-hexane (5 mL) was added to spiked alcoholic non-evaporated samples (10 mL) and evaporated samples (5 mL) and after that, agitation was carried out in two proposed ways. One way was vigorous hand shaking for 5 min and the second way was ultrasound agitation for 10 min, 20 min and 30 min. In this way, the 8 (1) (2019) 59-64 influence of the evaporation of ethanol from alcoholic samples, the influence of agitation (ultrasound or handshake) and the influence of the extraction time were tested.
Also, the repetition of liquid-liquid extraction was carried out (the number of extraction repetitions up to four) and for this test, the samples of vodka were used. The method of the sample preparation was the same as in the case of the apple white spirit, with the following steps: spiking, evaporation and the addition of n-hexane. After removing the n-hexane layer, a new volume of n-hexane was added to alcohol and re-extractions were carried out. After separating the organic layer, the bottom layers of organic solvents were drained through a paper filter with the anhydrous sodium sulfate layer. The n-hexane extracts were transferred into a gas chromatography vial and analyzed using GC-MS. Table 2 . Retention times, quantification ions and identification ions of the phthalates and DBA
Results and discusion
GC-MS acquisition
All the phthalates were separated using the designated chromatographic conditions. The chromatogram of the phthalates standard solution in the concentration of 2.5 µg mL -1 is given in Fig. 1 . Linearity was investigated in the phthalate concentration range 0.1 -10.0 µg mL -1 . The calibration curves of all phthalates for the range of 0.25 to 2.5 µg mL -1 were linear with a correlation coefficient (R²) from 0.995 to 0.999. The calibration curve obtained for DEHP in the concentration range 0.25 -2.5 µg mL -1 was linear and it is given in Fig. 2 . The retention times, selected ions for the analysis of the target phthalates and the DBA, the limit of detection (LOD) and the limit of quantitation (LOQ) for each phthalate are shown in Table 2 . LOD and LOQ for each phthalate were calculated from six replicated measurements of low concentration standard solutions according to the literature data. LOD and LOQ were calculated from the signal/noise ratios which were multiplied with factor 3 and 10 respectively [8] . Optimization of the extraction procedure A few studies were performed in order to determine optimal conditions of the extraction procedure and are described below. The extraction procedure should include the solvent that is not miscible with alcoholic samples. Phthalates are highly soluble in n-hexane and this solvent is usually used for the extraction of phthalates. Bearing in mind that the extraction procedure requires an extraction solvent that is not miscible with the alcoholic sample, but n-hexane is miscible with ethanol, the presence of water in alcoholic samples causes the separation of the layers and easy phthalate migration from alcoholic samples to n-hexane layer. The separation between the two liquids was clear and visible. After spiking white spirits and the liquid-liquid extraction, a hexane layer was separated and the extracted phthalates were determined on GC-MS. Tables 3 to 6 show the results of the recovery tests performed in triplicate.
By comparing the results obtained for non-evaporated 8(1) (2019) 59-64 alcohol samples (vodka and apple brandy) noted in Table 4 and 6, it could be concluded that the recovery values for DMP were less for apple brandy alcoholic samples. The obtained results were expected since given the facts that apple brandy alcoholic samples contain more ethanol (46% v/v) from the sample of vodka (40% v/v) and the fact that DMP, as the most polar phthalate of other investigated phthalates, has the greatest tendency to dissolve in ethanol, and therefore a lower tendency migration into n-hexane. Recovery values for other investigated phthalates were similar for non-evaporated vodka and apple brandy, because they have a high tendency to migrate in n-hexane as a non-polar solvent than DMP. In the case of evaporated samples, ethanol was removed and the investigated phthalates were migrated from alcohol samples to n-hexane. The small differences between the recovery values for vodka and the apple spirit comes from different types of samples, or from other substituents in white spirits.
The impact of the re-extraction on the recovery of phthalate was analyzed. The data in Table 3 and 4 show that the re-extraction does not significantly affect the increase of the recovery of DBP, BBP, DEHP and DOP extraction in the case of both, evaporated and non-evaporated samples, but in the case of DMP, the increase of the recovery is significant. The recovery value for all phthalates except DMP was increased by 1.58 -6.52 % after the second extraction, 2.60 -11.20 % after the third extraction and 9.87 -21.32 % after the fourth extraction. For DMP, the recovery value was increased by 3.44 -12.64 % for evaporated vodka, and 14.47-35.33 % for non-evaporated vodka. Bearing in mind that the increase in recoveries was low for the fourth phthalate compared to the time required for each re-extraction, as well as the cost of the analysis, further optimization of LLE was carried out with one extraction. The obtained phthalates recoveries from evaporated alcohol samples and from non-evaporated alcohol samples are compared. Also, the effects of agitation and the agitation time are compared. The results are presented in Tables 5 and 6 .
In the case of DMP, the best recovery was obtained by the extraction with hand shaking agitation of 5 minutes and removing a major part of ethanol from the apple white spirit. These results can be explained by the fact that DMP is the most polar phthalate from the group of investigated phthalates, and as such the most soluble in alcohol (ethanol). In case of non-evaporated samples, DMP remains were dissolved in it and did not migrate to non-polar hexane. When major part of ethanol was removed, the DMP easily migrates into n-hexane.
DOP shows the highest recovery of the phthalate extraction, because it is the most nonpolar and the largest molecule of the investigated phthalates and less dissolved in polar alcohol than other investigated phthalates, and because of that, it has the greatest tendency to migrate in n-hexane. Also, alcohol evaporation does not have an impact on the recovery in the case of DOP, for the reasons above.
DBP, BBP and DEHP show similar solubility in water (Table 1) , that is related with their similar structures, size and polarity, and for this reason they showed close recovery values of the phthalate extraction.
Regarding the influence of agitation time in the ultrasound bath, the results showed that time did not affect the migration of phthalates into n-hexane and recoveries of the phthalate extraction remain the same comparing to the first 10 min and after applicated times. Table 5 . Recoveries of phthalates extraction from evaporated apple brandy Table 6 . Recoveries of phthalates extraction from non-evaporated apple brandy Handshaking proved to be a better type of agitation for all phthalates compared to the effect of ultrasound, because during the ultrasound treatment emulsions emerge that in some way disable the complete immersion of phthalate into n-hexane.
8(1) (2019) 59-64
All analyses were performed in triplicate and the determination was repeated twice. The laboratory contamination was monitored with blank samples obtained from alcohol samples without spiking of phthalates treated in the same way as the spiked alcohol samples.
Conclusion
In this study of phthalates determination in white spirits, the sample preparation method was optimized. The optimized method is fast, easy to perform and reliable. According to the obtained results, the best extraction method is selected: the use of n-hexane as the extraction solvent provided constant recovery values before and after the removal of the major part of ethanol, the extract agitation of the sample by hand shaking for five minutes and without re-extraction provided higher recoveries. The influence of removing the major part of ethanol from alcoholic samples is important for the determination of DMP, because that causes a significant increase of the recovery for DMP, from 27 to 110%. In case of other investigated phthalates, removing the major part of ethanol from white spirits did not show this effect. The mean recovery values for spiking samples were 62-110% for the investigation of evaporated white spirits, and 27-90% for the investigation of non-evaporated white spirits.
